Background-The role of a cluster of risk factors characteristic for the insulin resistance syndrome as a predictor for coronary heart disease (CHD) has not been studied previously. Methods and Results-Clustering of cardiovascular risk factors was analyzed by factor analysis to investigate whether these clusters (factors) predict CHD events (CHD death or nonfatal myocardial infarction) in a nondiabetic population of 1069 subjects 65 to 74 years old from eastern Finland followed up for 7 years. There were 151 CHD events (92 for men, 59 for women) during the follow-up period. In men, factor 1 (the insulin resistance factor, which reflected primarily body mass index, waist-to-hip ratio, triglycerides, fasting plasma glucose, and insulin) (hazards ratio 
I nsulin resistance, characterized by decreased rates of insulinmediated glucose uptake, is accompanied by hyperinsulinemia and adverse changes in cardiovascular risk factors, such as high triglycerides, low HDL cholesterol, and hypertension. 1, 2 Because insulin resistance is a multifaceted phenomenon, the term "insulin resistance syndrome" has been introduced. 1 From the time of its introduction, the insulin resistance syndrome has been considered a risk factor for coronary heart disease (CHD), 1, 3 but definitive evidence for the causal link is lacking. Hyperinsulinemia, an integral feature of insulin resistance, has been shown to be associated with the risk of CHD in several prospective studies, 2,4,5 but there is still controversy about its importance as a risk factor, 6 particularly in women [7] [8] [9] and in the elderly. 8,10 -12 Our knowledge of quantitatively measured insulin resistance as a risk factor for CHD is limited. Cross-sectional studies have indicated that insulin resistance is associated with ultrasonographically assessed atherosclerosis, even in the absence of hypertension and dyslipidemia, [13] [14] [15] and with CHD verified by coronary angiography. 16, 17 No prospective studies have been published in which the degree of insulin resistance had been measured and correlated with the risk of CHD. 2 There are no generally accepted criteria for the insulin resistance syndrome, which, in addition to the fact that interrelated variables typical of insulin resistance are not readily analyzed by conventional statistical techniques, has made it difficult to investigate the occurrence and consequences of the insulin resistance syndrome. Recently, factor analysis, a statistical technique for studies including interrelating variables, has been applied to investigate the clustering of cardiovascular risk factors in the insulin resistance syndrome, 18, 19 but to the best of our knowledge, there are no studies indicating that these clusters predict CHD events. Therefore, we applied factor analysis to investigate the clustering of cardiovascular risk factors, particularly those typical of insulin resistance, in a large, nondiabetic elderly Finnish population and investigated whether these clusters predict CHD events during the 7-year follow-up.
Methods

Baseline Study
The baseline examination including 1069 nondiabetic subjects was carried out in Kuopio, eastern Finland, in 1986 through 1988. The formation 20 and representativeness 21 of the study population have been described in detail previously. All subjects with a previous history of diabetes or newly diagnosed diabetes at the baseline study were excluded from the present analyses.
Weight, height, waist and hip circumference, and blood pressure were measured as previously reported. 20 A subject was defined as having hypertension if systolic blood pressure was Ն160 mm Hg, or diastolic blood pressure was Ն95 mm Hg, or if the subject was taking drug treatment for hypertension. With respect to alcohol consumption, subjects were classified as alcohol users or nonusers. Smoking status was defined as current smoking.
Chest pain symptoms suggestive of CHD were recorded with the Rose Cardiovascular Questionnaire. 22 ECGs were classified according to the Minnesota code. 23 Verified definite and possible myocardial infarction (MI) were defined according to the World Health Organization (WHO) MONICA project criteria 24 as modified by the FINMONICA AMI Register Study Group. 25 WHO criteria for definite and possible stroke were used in the ascertainment of the previous stroke. 26 WHO diagnostic criteria for impaired glucose tolerance and diabetes mellitus were used in the classification of subjects without previously known diabetes. 27 Blood samples were taken in the morning after a 12-hour overnight fast. All subjects underwent an oral glucose tolerance test (75 g glucose). Plasma glucose and insulin, serum lipids and lipoproteins, and urinary albumin were determined as previously described. 11, 20 The ratio of urinary albumin (mg/L) to urinary creatinine (mmol/L) (ACR) was used as a measure of albumin excretion.
The study was approved by the Ethics Committee of Kuopio University Hospital. All study subjects gave informed consent.
Follow-Up Study
The 7-year follow-up study was carried out during 1995. A postal questionnaire was sent to every surviving participant of the original study cohort. The questionnaire contained questions about hospital admissions because of chest pain or symptoms suggestive of MI. Of the 1069 original nondiabetic baseline study participants, 867 subjects were alive on June 30, 1995, of whom 839 responded to the questionnaire (response rate, 97%).
Medical records of those participants who died during the 7-year follow-up (between the baseline study and June 30, 1995) and medical records of those who reported hospitalization due to symptoms suggestive of MI during the 7-year follow-up were reviewed by 2 of the authors (J.K. and P.L.). In addition, medical records of all nonresponders to the postal questionnaire were reviewed to verify definite or possible MIs and CHD deaths (J.K. and P.L.). Copies of death certificates of those who had died during the 7-year follow-up were obtained from medical records or from the files of the Central Statistical Office in Finland and reviewed (J.K. and P.L.). Therefore, all subjects from the original cohort were evaluated for CHD events. All deaths were coded according to the ninth revision of the International Classification of Diseases (ICD-9). 28 CHD death during the follow-up was defined as a death resulting from CHD (ICD-9 codes 410 to 414). A new nonfatal MI during the 7-year follow-up was defined as follows: (1) a definite or possible MI verified at the hospital by the WHO criteria (WHO MONICA project criteria, 24 as modified by the FINMONICA AMI Register Study Group, 25 based on chest pain symptoms, ECG changes, and enzyme determinations) or (2) a new major Q-QS change on the ECG (progression from no Minnesota Q-QS code to 1.1 or 1.2, or from 1.3 to 1.1) for those who participated in the 3.5-year follow-up. CHD events included CHD death and definite or possible nonfatal MI. If a subject had Ͼ1 CHD event during the follow-up, only the first CHD event was included in statistical analyses.
Statistical Methods
Data analyses were conducted with the SPSS/PCϩ programs. Fasting and 2-hour insulin and triglycerides were log-transformed for statistical analyses. The results for continuous variables are given as meanϮSEM or percentages. Student's 2-tailed t test for independent samples or the 2 test was used in the assessment of differences between the 2 groups, as appropriate. Univariate and multivariate Cox regression models 29 were used to investigate the association of cardiovascular risk factors with the incidence of CHD events. Factor analysis consisting of (1) extraction of initial components by use of principal-component analysis; (2) rotation of components, resulting in elucidation of factors; and finally, (3) interpretation of factors with loadings Ͼ0.40 (PϽ0.05) was used to assess the relationship of several intercorrelated variables. 18 Principal-component analysis identifies a minimum number of components that are transformed (rotated) into interpretable factors. Interpretation is based on correlations, called loadings, between the factors and the original independent variables. Factors represent physiological processes underlying the overall relationship among the original independent variables. 19 The final number of factors was limited to 4.
Results
Of the 1069 nondiabetic subjects (396 men, 673 women) who had participated in the baseline study, 202 subjects (110 men [28%], 92 women [14%]) died during the 7-year follow-up. The number of CHD deaths was 49 (12%) in men and 27 (4%) in women. CHD events (CHD death or nonfatal MI) occurred in 92 men (23%) and in 59 women (9%). The characteristics of the study population at baseline are presented in Table 1 . Women were more obese than men and more often had hypertension. Total cholesterol and triglycerides as well as HDL cholesterol and 2-hour insulin levels were higher in women than in men. Smoking and alcohol consumption were more frequent among men than among women. In men, previous stroke, left ventricular hypertrophy, current smoking, waist-to-hip ratio, hypertension, systolic blood pressure, low HDL cholesterol, high triglycerides, high fasting and 2-hour insulin levels, and high ACR were associated with the risk of CHD events in univariate Cox regression analyses (Table 2 ). In women, age, previous MI, hypertension, systolic blood pressure, low HDL cholesterol, high 2-hour insulin levels, and high ACR were predictors of CHD events (Table 2) .
In men, previous stroke, left ventricular hypertrophy, current smoking, and fasting insulin were independent predictors of CHD events in the model including fasting insulin in multivariate Cox regression analyses ( Varimax rotated factors and their loadings on original variables by sex are shown in Table 4 . In men, high body mass index, high waist-to-hip ratio, high triglycerides, and high fasting glucose and insulin levels, all components of the insulin resistance syndrome, had significant (Ͼ0.40) loadings on factor 1, which accounted for 17.7% of the total variance. Alcohol consumption, high HDL cholesterol, and low triglyceride levels loaded on factor 2. Age, systolic blood pressure, ACR, and left ventricular hypertrophy loaded on factor 3. Elevated total cholesterol levels and triglyceride levels loaded on factor 4. Altogether, these 4 factors accounted for 43.3% of the total variance. Also in women, the variables characteristic of the insulin resistance syndrome (high body mass index, high waist-to-hip ratio, low HDL cholesterol, high triglycerides, and high fasting glucose and insulin levels) had significant loadings on factor 1 (Table 4) . Previous stroke, together with high triglycerides and low HDL cholesterol levels, loaded on factor 2. Age, high systolic blood pressure, high ACR, and left ventricular hypertrophy loaded on factor 3. Current smoking and alcohol consumption (both inversely) and high total cholesterol levels had significant loadings on factor 4. These 4 factors accounted for 41.1% of the total variance.
Factors assessed by factor analysis were included in the Cox regression model to investigate whether they were risk 
LVH indicates left ventricular hypertrophy. *The cutoff point is the highest waist-to-hip ratio tertile (Ն0.96). †The cutoff points based on high-risk category classification of the National Cholesterol Education Program and the guidelines of the European Atherosclerosis Society were used to define high total cholesterol (Ն6.2 mmol/L), low HDL cholesterol (Ͻ1.0 mmol/L), and high total triglycerides (Ͼ2.3 mmol/L).
‡The cutoff point is the highest ACR quintile (Ն3.22 mg/mmol).
factors for CHD (Table 5 ). In men, factors 1 (the insulin resistance factor), 2, 3, and 4 were all significantly associated with the risk of CHD events in both univariate and multivariate models (Table 5 ). In women, factors 2 and 3 were significantly associated with the risk of CHD events in univariate and multivariate models, but factors 1 and 4 were not (Table 5 ). HRs were considerably lower than those given in Table 3 , but this is because of the maximum value of HR, which can only be 2.0 if factors are included in Cox regression analysis. Basically similar results were obtained when statistical analyses were performed only in normoglycemic subjects (data not shown). Finally, we performed factor analysis in the whole study population, including both sexes (data not shown). Again, factor 1 was characterized by a clustering of high body mass index, high waist-to-hip ratio, high fasting insulin and glucose levels, high triglyceride levels, and low HDL cholesterol levels. Accordingly, the insulin resistance factor predicted CHD events during the follow-up both in univariate and in the multivariate Cox regression models (HR 1.31, CI 1.12, 1.53, PϽ0.001, and HR 1.35, CI 1.15, 1.59, PϽ0.001).
Discussion
The significance of conventional cardiovascular risk factors, high total cholesterol, smoking, and hypertension has been demonstrated by a vast number of studies 30 ; however, they do not explain all CHD morbidity. Insulin resistance syndrome, among other things, has been proposed as a new risk factor for CHD. 1, 2 Yet, the significance of the insulin resistance syndrome, characterized by clustering of interrelating variables, for increased risk of CHD is not easily demonstrated by conventional statistical methods. Recently, factor analysis, a technique that allows inclusion of intercorrelating variables in statistical analyses, has been applied to investigate the insulin resistance syndrome. 18, 19, 31 In the present study, we applied factor analysis to demonstrate that the features of the insulin resistance syndrome clustered mainly on a single factor in both sexes in a large, nondiabetic elderly Finnish population. The novel finding of our study was that this insulin resistance factor predicted CHD events during the 7-year follow-up in men but not in women.
Previous studies have indicated that a clustering of cardiovascular risk factors typical of the insulin resistance syndrome can be demonstrated by factor analysis. 18, 19, 31 In the population study by Meigs and coworkers, 19 3 distinct factors were found. The first factor, suggested to represent central metabolic syndrome, included hyperinsulinemia, hyperglycemia, high levels of triglycerides, low HDL cholesterol, high body mass index, and high waist-to-hip ratio. The second factor included hyperinsulinemia and hyperglycemia and was thought to reflect impaired glucose tolerance. The third factor, called the hypertension factor, included systolic and diastolic blood pressure and body mass index.
In the present study, factor 1, or the insulin resistance factor, corresponded to the central metabolic syndrome factor in the report by Meigs and coworkers, 19 except that in the present study, HDL cholesterol did not quite reach a significant loading in men. Consequently, hyperinsulinemia, hyperglycemia, obesity (especially central obesity), high levels of triglycerides, and probably also low HDL cholesterol appear to be essential features of the insulin resistance syndrome in different populations. In contrast, we did not find a separate impaired glucose tolerance factor, and although a separate hypertension factor was found (factor 3), it did not overlap with the insulin resistance factor but rather formed its own entity. Moreover, 2 factors not characterized by features of the insulin resistance syndrome were identified (factors 2 and 4). Although these 2 factors were not quite similar in men and in women, they basically consisted of various combinations of lifestyle factors, previous cardiovascular disease, and dyslipidemia.
The present study is the first to indicate that the insulin resistance syndrome predicts CHD events. The mechanisms by which the insulin resistance syndrome appears to induce, or at least enhance, atherogenesis are largely unknown, but several mechanisms can be suggested. Adverse changes in cardiovascular risk factors may induce atherogenesis, or hyperinsulinemia may directly accelerate atherogenesis in the arterial wall. 2, 32 Insulin resistance may also cause cardiovascular disease by some as yet unidentified mechanisms. 33 Although our study cannot discover the mechanisms by which the insulin resistance syndrome causes CHD, it suggests that hypertension is not responsible for the association, because systolic blood pressure did not load on the insulin resistance factor. Moreover, the present study indicates that impaired glucose tolerance is not the mechanism explaining excess CHD, because the insulin resistance factor predicted CHD in normoglycemic men as well. Finally, low HDL cholesterol is not likely to explain the association, because HDL cholesterol levels did not load significantly on the insulin resistance factor in men.
In our study, the insulin resistance syndrome predicted CHD events in men but not in women. The number of CHD events was substantially smaller in women than in men, and nonsignificant results in women may be due to the type 2 error. However, our findings are in accordance with previous studies suggesting that hyperinsulinemia is not as important a risk factor in women as it is in men. 7, 8 So far, only 1 prospective study 9 has demonstrated an association between hyperinsulinemia and CHD risk in women.
Not surprisingly, the hypertension factor and the factor characterized by dyslipidemia and previous vascular disease also predicted CHD events both in men and in women. Our findings contribute to the evidence that conventional cardiovascular risk factors-hypertension, dyslipidemia, and previous CHD-are important risk factors for CHD in elderly subjects as well.
In conclusion, our population-based prospective study on elderly subjects demonstrates that cardiovascular risk factors typical of the insulin resistance syndrome cluster and that this 
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clustering predicts CHD events, at least in men. Therefore, in addition to classic risk factors, the insulin resistance syndrome should be considered a significant contributor to cardiovascular disease.
